Acinetobacter are a major concern because of their rapid development of resistance to a wide range of antimicrobials, and rapid profundity in transformation, surviving desiccation and persistinge in the environment for a very long time. The organisms are associated with bacteraemia, pulmonary infections, meningitis, diarrhea and notorious nosocomial infections with mortality rates of 20 to 60%. Transmission is via person-to-person contact, water and food contamination, and contaminated hospital equipment. The increasing virulence and rapid development of multidrug resistance by these organisms highlights the need to search for alternatives for chemotherapy. A poor understanding of the organisms and dearth of information about their occurrence especially in developing countries informed the need for this review paper.
Introduction
The name "Acinetobacter" originates from the Greek word "akinetos" meaning "unable to move", as these bacteria are not motile yet they display a twitching kind of motility. Bacteria of the genus Acinetobacter have gained increasing attention in recent years first, as a result of their potential to cause severe nosocomial (Greek nosos disease, and komeion to take care of) infections (6, 7, 62, 63, 85, 108, 112, 117) , second, for their profundity in developing multidrug (MDR) and extreme drug resistance (XDR) (5, 56, 86, 91, 115) third, for the ability of some strains to produce verotoxins (VA) (48) , and fourth, for the role members of the genus play in enhanced biological phosphorus removal in wastewater (16, 43, 80) . Recently, Acinetobacter spp. have demonstrated a hydrocarbon-degrading capability (74, 75, 122) , that is of interest for soil bioremediation and a specific strain Acinetobacter baylyi ADP1 has shown remarkable competence for natural transformation irrespective of DNA source, thus making it a potentially important tool for biotechnology (2, 19, 111, 112) . Possible suggested applications of Acinetobacter spp. are summarized in Table 1 .
In addition, since the environment, soil, and animals are their natural habitats, food and water contamination exposes humans to infections. The ability of these bacteria to colonize almost any surface and to acquire antibiotic resistance distinguishes them from other infectious bacteria. Despite the huge increase in the frequency of infections caused by MDR Acinetobacter, there is still a lack of awareness of the importance of these microorganisms (30) . This review therefore gives an overview of the biology, ecology and medical significance of the entire genus Acinetobacter in a broad sense with a view to providing basic general information on this group of bacteria for a better understanding and the possible adoption of proactive and effective control measures against infections associated with some of the bacteria.
Recent taxonomy
The first strain of Acinetobacter spp. was isolated from soil and identified as Micrococcus calcoaceticus by Beijerinck in 1911 (2, 13) . Acinetobacter group were previously insufficiently defined for a very long time and confusedly classified into more than a dozen different genera (Achromobacter, Alcaligens, Cytophaga, Diplococcus, Bacterium, Herellea, Lingelsheimia, Mima, Micrococcus, Moraxella and Neisseria) (2, 15, 27, 90, 97) .
The genus Acinetobacter was first created in 1954 by Brisou and Prevot to separate the non motile from the motile members of the tribe "Achromobactereae" and was composed of non-pigmented Gram-negative saprophytic bacteria comprising both oxidase-negative and oxidase-positive species. In 1957, Brisou identified a typical species named Acinetobacter anitratum (15) . Baumann et al. (3) using distinct nutritional properties later characterized the organisms as oxidase-negative and proposed to classify them under the genus Acinetobacter. In 1971, the subcommittee on Moraxella and allied bacteria accepted this proposal and the genus was limited to oxidase-negative strains (71) . Three species were initially included in this genus but because of difficulties in distinguishing them based on differences in physiological characteristics, all the species were named A. calcoaceticus (2) . In fact, Bergy's Manual of Bacteriology placed these bacteria in the family Neisseriaceae with only A. calcoaceticus as a species and the two subspecies A. anitratum and Acinetobacter lwofii (59) . Several years later, Bouvet and Grimont (12) identified more than fifteen genomic species, including Acinetobacter baumannii (formerly A. calcoaceticus var anitratum and A. glucidolytica non liquefaciens), Acinetobacter haemolyticus, Acinetobacter junii, Acinetobacter johnsonii and Acinetobacter radioresistens (12, 13, 27) .
The species' names have undergone considerable taxonomic changes over the years as molecular methods have advanced understanding of the genetic make-up of this group of organisms (109) . Recent classifications which seem to have gained wide acceptance among bacterial taxonomists have recognized this group of heterogeneous bacteria as gamma proteobacteria classified in the order Pseudomonadales and the family Moraxellaceae (13) . Thus the taxonomical classification is given as; Domain-Bacteria, Phylum-Proteobacteria, Class-Gammaproteobacteria, Order-Pseudomonadales, Family-Moraxellaceae, Genus -Acinetobacter (DNA G+C content 39-47%) and species (with A. baumannii, A. haemolyticus and A. calcoaceticus as species of clinical importance). Recent classifications using cell shape, absence of flagella, G+C content of DNA and nutritional properties, placed these organisms (A. baumannii, A. haemolyticus and A. calcoaceticus as well as other Acinetobacters) in the genus Moraxella, now known as Acinetobacter (2). Based on DNA-DNA hybridization studies, 32 species of Acinetobacter have now been recognized, with 22 assigned valid names and the rest assigned numbers and referred to as a 'genomic group' (42, 91) . Among the named species, A. baumannii is the main species associated with clinical infections followed by the non-A. baumannii species A. haemolyticus, A. junii, A. johnsonii and A. lwofii (2, 49) . Recently, the emergence of other species of clinical importance such as A. ursingii and A. schindleri has been reported (95) .
Another difficulty associated with classification is the close resemblance between species such that phenotypic differentiation becomes very difficult. For instance, there is a close relationship between A. baumannii and A. calcoaceticus, and genomospecies 3 and 13. As a result of the difficulties in distinguishing isolates phenotypically in the former pair, the term A. baumannii-A. calcoaceticus complex or Abc complex has been used. Furthermore, some authors still report these isolates as A. calcoaceticus subspecies anitratum. This situation led to contributors to the Manual of Clinical Microbiology to conclude that the majority of species of this group of bacteria cannot be reliably distinguished based on phenotypic tests (13, 37, 94, 102) .
To avoid confusion therefore, a more reliable classification based on combination of the results of DNA-DNA hybridization and on phenotypic characteristics was adopted (2) . In clinical practice however, these taxonomic complications have led to the under-recognition and misclassification of the species.
Biology, cultural and biochemical characteristics of the Acinetobacter group
The genus Acinetobacter consists of strictly aerobic, nonmotile, catalase-positive, indole-negative, oxidase-negative, Gram-negative, non-fermentative encapsulated coccobacilli rods (13, 111) . Many strains are unable to reduce nitrates to nitrites (9) . The bacteria are strictly aerobic and although they flourish on most laboratory media at temperatures of 20-30°C with the clinical isolates growing at 37 to 42°C, for most strains the optimum temperature is 33-35°C. In the exponential phase of growth, they are bacilli 0.9 to 1.6 μm in diameter and 1.5 to 2.5 μm in length, often in pairs or assembled into longer chains of varying length. Acinetobacter spp. are non-fastidious and can be grown on standard laboratory media (64) . On blood agar (BA), colonies show typical morphology and size: Non-pigmented, white or cream colored, smooth or mucoid (when capsule is present), opaque, 1-2 mm in diameter (after 18-24 h incubation at 37°C) (9), on eosin methylene blue agar (EMB), colonies are bluish to bluish gray, on Herellea agar (HA) they are pale lavender in color (9) , while on Leeds Acinetobacter Medium (LAM) the bacteria are pink on a purple background. In aged cultures the bacteria may be spherical or filamentous. The organisms can be recovered after enrichment culture from virtually all samples obtained from soil or surface water (85) . The members of the Acinetobacter group are nutritionally versatile chemoheterotrophs and the range of substrates they use as sole carbon and energy sources parallels that of the aerobic pseudomonads.
The cell wall of Acinetobacter is typical of that of Gramnegative bacteria, however de-staining is difficult due to a tendency to retain crystal violet and this can lead to incorrect identification as Gram-positive cocci (1) . The cells of Acinetobacter vary in size and arrangement. Acinetobacter generally form smooth and sometimes mucoid colonies on solid media, ranging in color from white to pale yellow or grayish white. Some environmental strains have been reported to produce a diffusible brown pigment (1, 85) . Several clinical isolates show hemolysis on sheep blood agar plates (85) .
Pathogenesis, virulence factors and resistance
Pathogenesis. In the past, Acinetobacter spp. were con- (29) . They are the second most commonly isolated nonfermenters in human specimens (81) , after Pseudomonas aeruginosa and their incidence is on the increase and mortality rates are quite high (56, 111, 119) . A. baumannii was found to be associated with a series of fatal cases of community pneumonia (29) and A. haemolyticus, with endocarditis and verotoxin production, and hence bloody diarrhea (11, 17, 47) . Pathogenic mechanisms. The pathogenic mechanisms of Acinetobacter spp. are little understood or studied (84) . Though the infective doses of Acinetobacter in human infections have yet to be determined, intraperitoneal injections in mice with 40 clinical isolates of Acinetobacter showed the LD50 to range from 103 to 106 viable cells per mouse (82) . Though A. baumannii is the most studied species, the precise mechanisms involved in the establishment and progression of infections by this species are unclear. The organism is not known to produce either diffusible toxins or cytolysins, and few virulence factors have been identified (45) . However, comparative genomic studies with A. baumannii and the environmental A. baylyi have identified genes involved in pilus biogenesis, iron uptake and metabolism, quorum sensing and a type IV secretion system as making up part of the organism's 'virulome' (106, 111) . Other authors have also reported common virulence factors among the Acinetobacters which are discussed below. There is a need for microbiologists to further investigate these virulence mechanisms for possible discovery of more effective control measures.
Virulence factors. i) Cell surface hydrophobicity and enzymes: Acinetobacter spp. have been demonstrated to exhibit cell surface hydrophobicity, an important determinant bacterial adhesion. For a successful infection to occur, bacteria must successfully adhere to host cells (24) . The hydrophobicity of a microorganism protects it from being phagocytosed and appears to play an important role in its attachment to various polymers. Hydrophobicity also confers the ability to adhere to plastic surfaces, such as catheters and prostheses. Through this hydrophobicity, Acinetobacter spp. coaggregate into flocs in sludge. Non-flocculating A. johnsonii S35 displays significant coaggregation with three other bacterial species, Oligotropha carboxidovorans, Microbacterium esteraromaticum, and Xanthomonas axonopodis (76) . The degree and mechanism of coaggregation were found to be pair-dependent; and cell surface hydrophobicity was an important factor controlling the coaggregation of A. johnsonii S35 and its partner strains (76, 89) . The hydrophobic properties of bacterial strains depend on their surface structure, which in turn determines the degree of hydrophobicity: the rougher the cell surface, the greater the hydrophobicity and vice versa. In Acinetobacter, the presence of protein protrusions on the cell surface confers hydrophobicity. A recent study using scanning electron microscopy showed the presence of blister-like protein protrusions on A. johnsonii S35 and A. junii S33, these bacterial cells were able to coaggregate efficiently with other bacterial cells compared to a mutant strain A. johnsonii IAM1517 with smooth cell surfaces (89) which was unable to form aggregates (89) .
Surface hydrophobicity is also mediated by colonization factors, complimentary cell surface receptors, fimbriae and other cell wall components (14, 60) and cell surface enzymes that facilitate the adhesion of bacterial cells to host cells. For example, the urease activity of Acinetobacter promotes colonization of the mouse stomach (24) . Urease also helps Acinetobacter spp. colonize the hypochlorhydric or achlorhydric human stomach inducing inflammation (100). Polysaccharide slimes on the bacterial cell surface are reported to confer hydrophobicity (53, 61 93, 97) . Other virulenceconferring enzymes secreted by the bacteria include esterases, certain amino-peptidases, and acid phosphatases (93, 108) . Esterases have strong hydrolyzing activity against shortchain fatty acids, thereby causing damage to lipid tissues. Hydrolytic enzymes usually confer the bacterium with very strong hemolytic activity. The most extensively studied hydrolytic enzymes in Ps. aerugenosa are phospholipases C (PLC)-H, which is encoded by plcS, is acidic and has strong hemolytic activity, and PLC-N, which is encoded by plcN, is basic, and has no hemolytic activity (93) . Recent studies revealed that two copies of the phospholipase C (plc) gene with 50% identity to that of Pseudomonas are found in A. baumannii. It is therefore assumed that these lipases serve a similar function, although this is yet to be elucidated (111). Hoštacká and Klokočníková also reported the secretion of phosphotidylethanolamine and sphingomyelin which are all cytotoxic to leucocytes (53) .
ii) Toxic slime polysaccharides: Toxic slime polysaccharides have also been reported among Acinetobacter spp. (53) . They are usually produced during the exponential phase of growth and are made up of the glucose building blocks Dglucuronic acid, D-mannose, L-ramnose and D-glucose. The slime polysaccharides are toxic to neutroplils, and inhibit their migration as well as inhibit phagocytosis, but without disrupting the host immune system (50, 53) . It is important to understand these structures in order to develop effective control measures. Currently, the authors are focusing on determining the hydrophobicity of A. haemolyticus isolates from water and wastewater samples and the effect of stress and phytochemical extracts on this hydrophobicity.
iii) Verotoxins: Grotiuz et al. (47) first reported the production of verotoxins in Acinetobacter (from A. haemolyticus). Verotoxins are associated with bloody diarrheas and produced by many enteric bacteria including E. coli and Shigella dysenteriae (31) . The toxins belong to a particular protein subfamily, the RNA N-glycosidases which directly target the cell ribosome machinery, inhibiting protein synthesis. Verotoxins can be classified into 2 antigenic groups, vtx-1 and vtx-2, which include (especially vtx-2) an important number of genotypic variants. The mechanism by which A. haemolyticus produces this toxin is, however, not well understood. Lambert et al. (65) speculated that A. haemolyticus acquires vtx2-producing activity via horizontal gene transfer in the gut lumen, since it can be rapidly transformed. In any case, the pathogenicity, basic structure, and chemical components of the toxins are the same as those of verotoxins from E. coli and other bacteria (65) . The emergence of verotoxin-producing A. haemolyticus strains is worrisome given the high transformability of Acinetobacter spp. This therefore calls for intensive surveillance of these organisms especially in the environment for the development of proactive control measures. The current work therefore focuses on isolation and identification of A. haemolyticus from environmental samples and the determination of their verotoxin production and antimicrobial resistance profiles as well as the effect of phytochemical extracts on verotoxin production by the isolates. iv) Siderophores: Siderophores are host iron-binding protein structures responsible for iron up take in bacteria. One possible defense mechanism against bacterial infections is the reduction of free extracellular iron concentrations via iron-binding proteins such as lactoferrin or by transfer (14, 121) . The normal concentration of free iron in the body is 10 −8 M, and the concentration required for bacteria to survive in the human body is 10 −6 M. Bacteria meet their iron requirement by binding exogenous iron using siderophores or hemophores (61, 72, 121) . Bacterial siderophores are called aerobactins. Acinetobacter siderophores are called acinetobactins and are chiefly made up of the amine histamine which results from histidin decarboxylation (78) . Iron import into the bacterial cell is however regulated by a ferric regulator uptake protein serving as a transcription repressor to induce siderophore synthesis or degradation (111) . (21), stimulating gastrin and interlukin B gene expression (55) . In a recent study, Vallenet et al. (111) showed that A. baylyi OmpA has emulsifying activity and that only one gene in each Acinetobacter strain encodes an OmpA protein. In other words, these proteins share more than 89% of their amino acids and thus have the same chromosomal context. The cells of Acinetobacter spp. are surrounded by OmpA, a protein to kill host cells (20) . During an infection, OmpA binds to eukaryotic cells and gets translocated into the nucleus where it causes cell death (20, 28, 99) .
Resistance to antibiotics and mechanisms of resistance. The major problem with Acinetobacter spp. is their resistance to antibiotics (66, 67) . Savov et al. (101) reported that these organisms are most commonly resistant to ampicillin, cephalothin, carbenicillin, gentamicin, amikacin, chloramphenicol, tetracycline, co-trimoxazole, ciprofloxacin and cefoperazone. Previously ampicillin, second generation cephalosporins, quinolones, minocyline, colistin, amynoglycosides, impenim, sulbactam and gentamicin were used to treat Acinetobacter infections. Resistance to these antibiotics has hindered therapeutic management, causing growing concern the world over (32, 47, 87, 91, 115) . A. baumannii has been developing resistance to all antibiotics used in treating infections. Currently, most A. baumannii strains are resistant to aminoglycosides, tetracyclines, cephalosporins, ampicillins, cefotaximes, chloramphenicols, gentamicins and tobramycins (91) . The activity of carbapenems is further jeopardized by the emergence of enzymatic and membrane-based mechanisms of resistance (85) .
Antimicrobial resistance among Acinetobacter is either intrinsic or acquired via transformation. Several mechanisms of resistance including altered penicillin-binding proteins, low/decrease permeability of the outer membrane to antibiotics or increase in the active efflux of the antibiotics, target site mutations, and inactivation via modifying enzymes have been reported (56, 115) . Mechanisms of resistance to antibiotics by Acinetobacter spp. vary with species, the type of antibiotic, and geographical location (56) . Thus β-lactam antibiotics are inactivated by the production of β-lactamases or alterations of penicillin-binding proteins and decreased permeability of the outer membrane to β-lactams (92); cephalosporins by chromosomally encoded cephalosporinases and occasionally, by cell impermeability and aminoglycosides via aminoglycoside-modifying enzymes; quinolones by altering the target enzymes DNA gyrase and topoisomerase IV through chromosomal mutations, a decrease in permeability and increase in the active efflux of the drug by the microbial cell (67) . Several efflux pumps acting against antibiotics have been described for Acinetobacter spp. grouped as (i) major facilitator superfamilies (MFSs) comprising the Tet (A)-efflux system for tetracycline, Tet (B)-efflux system for tetracycline and minocycline and Caml A-efflux system for chloramphenicol, (ii) resistance-nodulation division (RND) comprising Ade ABC (ATP binding cassettes)-efflux systems against aminoglycosides, β-lactams, chloramphenicol, erythromycin, tetracyclines, ethidium bromide, and reduced susceptibility to fluoroquinolones and (iii) multi drug and toxic compounds extrusion systems (MATEs) comprising of Abe M-efflux system against norfloxacin, ofloxacin, ciprofloxacin, gentamicin, 4,6-diamino-2-phenylindole (DAPI), triclosan, acriflavin, doxocrubicin, rhodamin 6G and ethidium bromide (114) . Major mechanisms of resistance to dif- Table 2 .
Owing to this escalation of multidrug resistance, deliberate efforts should be made towards investigating other sources of antibiotics with novel mechanisms of action, with a view to developing effective control measures against the recalcitrant bacteria. Investigations of phytochemicals should be considered since they form a very rich source of antibiotic substances (32) with potential activity against microbial pathogens.
Resistance to environmental and host factors. The emergence of nosocomial or community-acquired infections of Acinetobacter is a result of high adaptability to adverse environmental conditions, an ability to persist for several days in dry and harsh environments such as the hospital environment, the increased use of broad spectrum antibiotics, the vulnerability of individuals or patients, and the rapid transformation of organisms that results in increased multidrug resistance. To survive and multiply in the host, many bacteria produce a variety of substances that allow them avoid the defense mechanisms of the host (58) . Acinetobacter spp. are found as natural inhabitants of human skin and repeated isolation may suggest that they are potential pathogens. Acinetobacter spp. are able to survive on moist and dry surfaces (118) and some strains have been found to be tolerant of soap (9, 56) . The ability of Acinetobacter to persist in dry conditions, on inanimate objects, and in dust for several days and weeks has been reported. Recent isolates of A. lwoffii compared to the isolates from the 1970s are relatively resistant to irradiation. This raises concerns about the persistence of A. lwoffii on medical devices that are sterilized by gamma irradiation, especially in intensive care units (ICU) (93) .
Acinetobacter species also survive exposure to the commonly used disinfectants like chlorhexidine, gluconate and phenols, particularly those not used in the appropriate concentrations (40) . Compared with other genera of Gramnegative bacilli, Acinetobacter is able to survive much better on fingertips or on dry surfaces when tested under simulated environmental conditions (118) . Apart from being able to grow at a very broad range of temperatures, they are also able to resist drying. The presence of more electron dense cell walls and nucleic acids are thought to be responsible for the heat (50-75°C) resistance (56) . In fact, while Ps. aerugenosa and E. coli can only survive heat for a maximum of 24 h, A. baumannii can survive for up to 25 days (58). Survival for 157 days (A. radioresistens), over 30 days (A. baumannii) and 21 days (A. lwoffii) has been reported (54, 57, 88) . A. baumannii has also demonstrated resistance to the killing action of normal human serum (NHS) and the possession of a lipopolysaccharide was thought to be partly responsible (42). King et al. (61) also suggested modulation of pathogen interaction with serum by a complement regulator. The complement system is the host innate immune defense comprising a series of serum proteins that initiates the death of the bacterium through either lysis or opsonization. One of the mechanisms by which bacterial cells resist killing by serum compliments is by producing surface proteins that bind human factor H (FH), and thereby inhibit the deposition of complements on the bacterial surface (41, 63) . The mechanism by which Acinetobacter spp. resist serum compliments is however yet to be discovered.
Transfer of resistance among Acinetobacter spp.
Resistance to antibiotics is transferred among Acinetobacter spp. via plasmids and transposons. While plasmids are DNA elements that carry antibiotic and heavy metal resistance conferring genes capable of autonomous replication, transposons are sequences of DNA that can move (or transpose) themselves to new positions within the genome of a bacterium (or any other prokaryotic cell). These elements are often present in resistant bacteria and have been reported in clinical isolates of Acinetobacter spp. (40) . Plasmids and transposons are easily transferred between bacteria via the process of genetic transformation. Transformation occurs between Acinetobacter spp. Due to the high frequency and degree of adaptability and transformability among some strains of Acinetobacter spp., species capable of colonizing multiple settings can mediate the transfer of novel antibiotic resistance genes from antibiotic-producing environmental species to clinical isolates. For example, an intermediate group including spp. 7, 8, and 9 is capable of adapting to human tissues as well as remaining in the environment thus serving as effective vehicles for conveying resistance genes between species (93). Gene transfers in Acinetobacter spp. also occur via conjugation and transduction. Conjugation in Acinetobacter involves a wide host range and chromosomal transfer, while transduction involves a large number of bacteriophages with a restricted host range (93) . Owing to the high transformation ability of Acinetobacters, the role of genetic elements in the virulence of this group needs to be thoroughly investigated and adequately understood as in the case of E. coli. This will no doubt open up more frontiers for more effective control measures and the application of the organisms in biotechnology.
Epidemiology and ecology
Several studies have reported the epidemiology of A. baumannii infections in different parts of the world including Europe, the United States and South America (64, 104) . Although these organisms are often associated with nosocomial (117) infections, community acquired diarrhea outbreaks and pneumonia have been reported with some frequency in tropical regions of the world especially during warm (summer) and humid months (18, 56) . An infrequent manifestation of Acinetobacter is nosocomial meningitis and these cases have been reported after neurosurgical procedures (18, 56, 58) . The morbidity and mortality rates of Acinetobacter infections are comparable to those of methicillin-resistant Staphylococcus aureus (MRSA), and the organisms have been termed 'Gram-negative MRSA', manifesting similar epidemiological behavior to MRSA. The impact in terms of morbidity and mortality is probably closer to that of coagulase-negative staphylococci and available data suggest that the mortality rate ranges from 20% to 60% (58) . Thus several reports have alerted clinicians to the emergence of a potentially difficult and dangerous organism that is responsible for outbreaks of infection and can cause severe problems (58) . Owing to the morphological similarity between Acinetobacter and Neisseriaceae (both being Gram-negative diplococci), care should be taken while examining the Gram stain. Neisseria meningitidis is, however, far more common as an agent of meningitis. Uncommon conditions involving Acinetobacter are contiguous osteomyelitis, peritonitis associated with continuous ambulatory peritoneal dialysis, ophthalmic infection, skin and wound infections, abscesses, sepsis, endocarditis and burn infections. Despite the increasing significance of Acinetobacter, there are no significant epidemiological reports on the incidence of infections from many parts of the world particularly, developing countries. Epidemiologic investigations on Acinetobacter spp. of clinical significance other than A. baumannii as well as on the epidemiology of acinetobacteriosis in developing countries are essential.
Acinetobacters are mostly free living saprophytes found ubiquitously in nature (111) . However, different species of the genus are generally associated with different habitats. Acinetobacter genomospecies 3 is found in water and soil, on vegetables, and on human skin; A. johnsonii and A. haemolyticus are found in water, wastewater, soil, on human skin, and in human feces; A. lwoffii and A. radioresistens are found on human skin; and Acinetobacter genomic species 11 is found in water, in soil, and on vegetables as well as the human intestinal tract (10, 26) .
Human and animal body. Acinetobacter spp. are generally considered part of the normal flora of the skin and mucous membranes or the pharynx, human respiratory secretions, urine, rectum (116) and other human clinical samples (101) . They are the only group of Gram-negative bacteria that may be natural residents of human skin, with carriage rates of 42.5% in healthy individuals and as high as 75% in hospitalized patients (101) . In a study conducted by Seifert et al. (103) Acinetobacter spp. were isolated from various parts of the human body including the forehead, nose, ear, throat, trachea, conjunctiva axilla, hand, groin, vagina, perineum and toe web. The organisms are also found in the distal urethra of healthy people (63) . Generally the species most frequently isolated are A. johnsonii, A. lwoffii, A. radioresistens, A. baumannii, A. calcoaceticus, A. haemolyticus and Acinetobacter genomospecies 3 and 13. Colonization of the intestinal tract by Acinetobacter spp. however, is controversial. While some authors suggest that it is an unusual event (46) , others report that the gastrointestinal tract is the most important reservoir of resistant strains (23) . The difference is probably due to the epidemiological situation i.e. whether there is an epidemic outbreak or not.
Acinetobacter spp. have been isolated from different animal sources including birds; fish and rainbow trout (10, 49) . On several occasions, chicken septicemia (15% death rate), septicemia in turkeys and calves, mastitis and metrititis in cows, abortions in cattle, pigs and horses, keratoconjunctivitis in cattle, omphalitis in calves, ear infections in cats, and respiratory infections and Balanoposthitis in horses have been reported (38) . A. beijerinkii and A. baumannii are among the species of Acinetobacter implicated in animal diseases (38) . The organisms have also been isolated from lice collected from homeless people (68) .
Food contamination. Acinetobacter spp. have been associated with food contamination. Several foods including vegetables have long been known to be an important source of contamination with Gram-negative bacteria such as Escherichia coli and Klebsiella spp. (85) . Acinetobacter spp. have been recovered from vegetables, apples, melons, cabbages, cauliflowers, lettuce, cucumbers, peppers, mushrooms, radishes, carrots as well as tubers such as potatoes and cereals such as sweet corn (10, 85) . Acinetobacter spp. have also been implicated in the spoilage of bacon, chicken, meat, fish and eggs even when stored under refrigeration or after adequate gamma irradiation (84, 108) . Hospital food could also be a potential source of A. baumannii (10, 108) . Many strains isolated from foods have lipolytic activity and some strains produce diffusible pigments.
Soil and wastewaters. Water and soil also provide a home to various microorganisms. Acinetobacter genomospecies 3, A. baumannii, A. calcoaceticus acinetobacters, and A. calcoaceticus, A. johnsonii, A. haemolyticus, and Acinetobacter genomic species 11 have been reported to inhabit soil and aquatic environments (86) . The organisms have also been isolated from freshwater ecosystems; raw sewage and wastewater treatment plants (10) and activated sludge (16, 83, 85) . A. baylyi, A. bouvetii, A. grimontii, A. tjernbergiae, A. towneri, and A. tandoii are commonly found in natural environments but occasionally isolated in activated sludge and have not been found associated with humans (19, 85) . They are able to store phosphate as polyphosphates and may have potential applications in the biological removal of phosphates (2) .
Biofilms. Biofilms are composed of microorganisms attached to surfaces and encased in a hydrated polymeric matrix made of polysaccharides, proteins and nucleic acids (100, 113) . Biofilms function in a manner similar to tissues, using a primitive circulatory system to pump fluids and nutrients through channels in the matrix by changing the ionic strength of the extracellular milieu, causing periodic contraction of matrix polymers.
Pilus mediated biofilms (PMBs) are formed by Acinetobacter spp. especially A. baumannii, A. haemolyticus, A. lwoffii and A. calcoaceticus thus forming thin layers of microorganisms on glass, medical devises, metals, ceramics and other inanimate objects (28, 39) . The biofilm thus constitutes a colonial niche for the bacteria from where contact with humans will result in infection. The hydrophobic surface polysaccharide and pili on the bacterial cell surface initiates adherence to human epithelial cells thus initiating the infection process (28) .
Life in biofilms provides microbes with protection against assault from the outside world with barriers against penetration by antimicrobial agents, oxygen and nutrients, along with depressed growth rates and an activated adaptive stress response (99) . It also enables the organisms to resist the immune host response. Vidal et al. (90) and Lee et al. (113) reported the readiness of A. baumannii to adhere to both biological and abiotic surfaces, on which it is able to form biofilms thus ensuring its survival (69, 112) .
Unlike in other bacteria where the formation of biofilms is facilitated by intrinsic factors such as the presence of type IV pili, flagella, curli and fimbriae, in Acinetobacter spp., putative chaperon secretion membrane systems (csms) and putative surface adherence protein regions (sapr) have been reported to be responsible (39, 110) . The process generally, involves reversible attachment, irreversible attachment, maturation and dispersion. A. baumannii-associated infections are often contracted via biofilms on Foley catheters, venous catheters, or cerebrospinal shunts.
Hospital environment. A. baumannii is the most important bacterial species associated with nosocomial or hospitalacquired infections. These infections are caused by organisms present in hospitals or other clinical facilities. Most of these infections emerge while the patient is in the hospital but others are not detected until the patient has been discharged. In the early 70s, nosocomial pathogens were predominantly Gram-negative bacilli especially Ps. aeruginosa, and Enterobacteriaceae, while the 90s saw the emergence of Gram-positive methicillin-resistant S. aureus (MRSA) and vancomycin-resistant enterococci (VRE) (111, 115) . In recent times however, in addition to MRSA and VRE (mainly in the USA), the introduction of broad spectrum antibiotics in hospitals has resulted in the emergence of multidrug resistant strictly Gram-negative nosocomial bacterial pathogens including Ps. aeruginosa, Klebsiella pneumonia and A. baumannii (33) . In a hospital environment, they have been isolated from reusable medical equipments such as ventilator tubings, arterial pressure monitoring devices, humidifiers, washbasins, plastic urinals and respirometers (26, 52, 112, 118) . The organisms have also been isolated from the skin of healthcare personnel, mattresses, pillows and in all types of ventilator equipment and moist situations such as sinks and tap water (8, 56) . The presence of MDR and nosocomial Acinetobacter in the hospital environment complicates treatment since such infected patients often need to be isolated (70, 77) . This underlies the need to fully study these organisms and proffer alternative chemotherapeutic solutions.
Though many Acinetobacter spp. are only found in certain habitats, some are distributed widely in nature. A. calcoaceticus is found in water and soil and on vegetables (2, 10) .
Diagnosis
Infection or colonization with Acinetobacter is usually diagnosed by the culture of environmental and clinical samples. The environmental samples include wastewater, activated sludge, sewage, aquaculture freshwater habitats, frozen shrimps (49) soil (16, 112) , vegetables (10), fresh and spoiled meat (34) animal droppings and river water while the clinical samples include blood, cerebrospinal fluid, endoctracheal aspirate, pus (91), sputum, urine, respiratory secretions (115), Catheter tips (24), wound, stool or sterile body fluid, skin, cordon of newborns, nasal swabs, hand swabs of hospital workers and hospital environments (swabs on surfaces of machines, wash-hand basins, floors, tables, UV lamps) (22) . Microbiologic cultures can be processed by standard methods on routine media. Antimicrobial susceptibility can be determined by various means, with the agar-dilution method being the gold-standard.
A glance at the literature shows just how non fastidious Because of the widespread nature of Acinetobacter spp., typing methods are required for genomic characterization (49) . The differences in antimicrobial efficacy against different species, and the need to select effective chemotherapeutic agents, require the accurate identification of Acinetobacter spp. to the species level. Thus several molecular diagnostic methods including the polymerase chain reaction (PCR) (47) , PFGE, RAPD-PCR DNA fingerprinting (16, 86) , fluorescent in situ hybridization (FISH) (112), 16S rRNA gene restriction analysis (ARDRA) (79) , and 16S rRNA gene PCR-DGGE fingerprinting for genetic characterization of Acinetobacter spp. from environmental samples Vanbroekhoven et al. have been employed (112) . A recent diagnostic method which was reported to have high specificity and can discriminate between Acinetobacter species is the microsphere-based array technique that combines an allelespecific primer extension assay and microsphere hybridization (73) . The method was reported to be so efficient that 13 different species of Acinetobacter were discriminated in less than 9 h with 90% accuracy and precision (73) . The use of DNA-DNA hybridization and sequence analysis (19, 49) is considered the gold standard, but the method is laborintensive and impractical in most clinical laboratories.
Other methods that have been employed in the epidemiological investigation of outbreaks caused by Acinetobacter spp. include biotyping, phage typing, cell envelope protein typing, plasmid typing, ribotyping, restriction fragment length polymorphisms and arbitrarily primed PCR (AP-PCR) (4). These methods are however too expensive and too technical for use in unequipped laboratories. Exploration of sim-ple laboratory culture procedures will enhance isolation of these organisms especially in developing countries where electricity and sophisticated diagnostic procedures, and trained manpower are lacking.
Factors predisposing individuals to acinetobacterioses
Though it is generally agreed that A. baumannii is the most medically significant Acinetobacter spp., there is an ongoing debate on the clinical impact of the Acinetobacters with controversial views on whether these organisms increase morbidity or mortality. While some researchers are of the opinion that A. baumannii infections are responsible for an increase in patient mortality, others are of the opinion that infections occur in critically ill patients and mortality is as a result of other underlying diseases (28, 35, 36) . Whatever the case may be, virtually every study has concluded that there is a detrimental effect (45) . The lack of a consensus on the degree of mortality may be due in part to the difficulty in distinguishing between colonization and infection, which is compounded by limited information on the pathogenesis. There is also extensive methodological heterogeneity between studies (prospective versus retrospective), and variation in the definitions of cases versus controls (A. baumannii infection versus other infection, polymicrobial versus monomicrobial) (48, 70) . There are also problems with the accurate identification of organisms to the species level as well as assessment of the impact of specific clones, which may differ in virulence potential (45) . In addition, the ability of organisms to rapidly develop multidrug resistance and to persist in harsh environmental conditions calls for the need to take Acinetobacter infections seriously.
Individuals vulnerable to Acinetobacter infections include those who have recently undergone major surgery, those with malignant diseases or burns, and immunosuppressed patients such as the elderly, neonates with low birth weights, and patients with prolonged illnesses (84, 107, 108) . Nosocomial pneumonia occur in intensive care units (ICUs) with a frequency of 3 to 5% (even higher in patients with mechanical ventilation) and with crude mortality rates of 30 to 75% have been reported (107, 108) . Bacteremia is very common in elderly immunocompromised patients. The main source of bacteremia in these patients is bacterial pneumonia, and the most important predisposing factors are malignant diseases, trauma, prolonged antibiotic treatment, prolonged intravenous lines, post operations, urinary catheterization, renal transplants chest tubes, mechanical ventilation, parenteral nutrition and long hospitalization (64, 82) . Poor hygienic conditions, and contaminated food and water are common sources of infection. In addition, it's been reported that lower temperatures and an acidic pH may enhance the ability of Acinetobacter spp. to invade dead tissues (58) .
Treatment, prevention and control
Treatment of Acinetobacter infections should be individualized according to susceptibility patterns as the carbapenems, some fluoroquinolones and doxycycline may retain activity. Impenim with an aminoglycoside and β-lactam/β-lactamase inhibitor with an aminoglycoside was found to be synergistic in vivo. Quinolone and amikacin synergy was also observed. The treatment of a serious infection with Acinetobacter should be combination therapy based on laboratory antimicrobial susceptibility results. Local antimicrobial prescribing habits should be critically guided by the susceptibility results. Suspected hospital outbreaks involving multidrug-resistant Acinetobacter infections should not be regarded with akinesis but be tackled ferociously and promptly. The prompt revision of infection control procedures such as hand-washing, patient isolation, ventilator care and good housekeeping is also pertinent. Chemotherapeutic approaches for most antimicrobialresistant Gram-negative infections, include the use of carbapenems (imipenem and meropenem), but carbapenemresistant Acinetobacter is increasingly reported (56, 101) . Resistance to the carbapenem class of antibiotics complicates the treatment of multidrug-resistant Acinetobacter infections. However, colistin and polymyxin B have been used to treat highly resistant Acinetobacter infections; unfortunately renal toxicity of colistin has made its choice unattractive. Acinetobacter isolates resistant to colistin and polymyxin B have also been reported (44) . The best approach is combination therapy where studies have demonstrated in vitro susceptibility of multidrug-resistant Acinetobacter to various synergistic combinations of antimicrobials including carbapenems, colistin, rifampin, and ampicillin-sulbactam (67, 101, 121) . The clinical utility of these combinations against pan-resistant Acinetobacter remains to be determined (44, 56, 120) .
The costs associated with controlling an outbreak of Acinetobacter infections can be staggering, and some institutions have even been forced to close entire units in order to interrupt the transmission of Acinetobacter (64, 104, 109) . Therefore, there is a very compelling need to prevent transmission in the healthcare setting and keep the organism from becoming endemic in an institution. It is also important that contamination of the environment, water or food should be guarded against especially by MDR strains. Careful personal and hand-hygiene should be observed. The disinfection of hands with-alcohol based disinfectants and observation of standard hospital practices cannot be overemphasized. Laboratories should embark on active surveillance to detect cultures and patients who are colonized with multidrugresistant Acinetobacter as well as a community-based surveillance to determine carriage rates. Other measures successful in the control of outbreaks include isolation precautions for infected or colonized patients, cohorting of patients, patients' relatives and staff, environmental disinfection, antimicrobial control, and unit closure (105, 118) . Investigations for novel antibiotic substances with possible activity against Acinetobacter spp. from plants and other natural sources with a view to sourcing alternative treatment should be seriously considered by both research institutions and pharmaceutical companies.
Conclusion
Acinetobacter previously ignored as low-grade pathogens have suddenly generated interest. The emergence of multiresistant strains, some of which are pan-resistant to antibiot-ics, that suddenly cause an outbreak of infection, and the ability of the organism to resist desiccation and its rapid transformation potential has overwhelmed scientists worldwide. Despite an exponential rise in A. baumannii infections over the past decade, many questions remain unanswered (45) . While knowledge of the virulence and particularly the resistance mechanisms is increasing, the populations at risk and the pathogenesis of severe infection are still poorly understood. The association of the organisms with conditions such as bacteraemia or pulmonary infections, diarrhea and nosocomial infections further highlights a major concern. Most available reports are on A. baumannii as the most important clinical species, while investigations are concentrated more on clinical samples. Other samples including environmental and food samples should be investigated for both A. baumannii and other species with a view to investigating their health implications. Control measures should not be limited to investigations of the environment (food, water etc.) for microbial characterization and studies of Acinetobacter virulence and resistance mechanisms alone but the use of animal models should also be considered. The dearth of available treatments remains a major concern and although further work on the use and efficacy of combination therapies is warranted, a more urgent priority must be the development of novel therapeutic agents (45) including studies on the effect of phytochemicals from plant sources (32) .
